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(54) Tide: KERATOCONJUNCTIVITIS CYTOTOXIN AND METHODS FOR ITS USE AND PRODUCTION 
(57) Abstract 

This invention relates to a cytotoxin from Moraxella bovis substantially free of intact microbial cells, which is toxic to bo- 
vine peripheral blood neutrophils and which lacks hemolytic activity. This cytotoxin is useful as a vaccine for protection of ani- 
mals from infectious bovine keratoconjunctivitis. The cytotoxin is further characterized in that it is not capable of hydrolyzing ca- 
sein, it is net- negatively charged at a pH of 7.4 and by its ability to elute off of a DEAE exchange column with a 3ml gel bed 
under a salt gradient at a 0.2M to about a 0.3 M salt concentration. Further, the cytotoxic activity to bovine peripheral blood neu- 
trophils is sensitive to zinc salts. Typically, the cytotoxin is prepared by clarifying and purifying culture filtrates of Moraxella bo- 
vis. 
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KERATOCONJUNCTIVITIS CYTOTOXIN AND METHODS 
M DR ITS U£V. AND PRODUCTION 



3/iw.KGROUND OF THE INVENTION 
Field of the Invention 

10 This ir-^'-n'-ion rs2rsr~r. to a keratoconjunctivitis 

cytotoxin, to methods for exr.r ,:ct ing and purifying the 
cytotoxin and to v.>t*rinary vfi-.:r.ines comprising the 
cytotoxin. 

Infectic: bovine \: ;-n tocon junctivitis (IBK) is a 
15 serious disease of r.!, e eyes cattle commonly known as 

pinkeye. It is caused by the bacteria Moraxella bovis . 
Moraxella sp. are aerobic, gram-negative rods appearing in 
pairs of short chains. They belong to the Neisseriaceae 
family and are oxidase (+) and catalase (-) . 

IBK is highly contagious and can be transmitted 
rapidly throughout a herd. Acute to chronic inflammation of 
the eye occurs which impairs the animal's sight. This 
disease causes great financial loss in the cattle industry 
because it is a debilitating disease which affects cattle of 
all ages and breeds . * 

Although IBK was first described a century ago, 
the pathogenesis of the diss^s* is not yet understood. 
Moraxella bovis is considers, i to be the principal infectious 
agent associated with IBK. rhe earliest described ocular 
changes after inoculation of bovis into the eyes of 
cattle include necrosis and sloughing of the corneal 
epithelium, and bacteria lyi .-,g in pit-like defects on the 
surface of the epithelial cells. The margins of these pit- 
like defects conform closely to the shape of the associated 
bacterial cell, indicating c :at epithelial cell cytotoxicity 
may constitute an important pathogenic mechanism in the 
early stages of ibk. 



25 
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Macroscc.,:;:! caily * :s.ible corneal ulcers may occur 
by 4 to 8 days aft-. ir. ::ec At that time, the corneal 

stroma underlying . :ie ulce: .tcci area is infiltrated by 
bacteria and neur. vmh ii:s . -:«ny of the neutrophils and 
5 epithelial cells .i .i che ul- . teri areas appear necrotic. 

The contribution ... r these ; iflammatory cells to the corneal 
lesions of IBK ii unclear; -owsvsr, studies have indicated 
that degenerating polym^rpi » nuclear leukocytes release 
enzymes into the r.nrnea wh: : h may increase the size of 
10 ulcers and retard '.sealing. Thus, a toxin effect of bovis 

upon neutrophils could rest: .'c in the release of endogenous 
mediators capable of increc .ir.g corneal destruction. 
Cytotoxicity by bovis al -;o would confer antiphagocytic 
effects upon bacterium. Al .hough previous studies have 
15 shown that bovi^. is toxi to bovine monocytes In vitro » 

the cytotoxic effect of the bacterium on neutrophils was 
previously unknown. 

Treatment of an ■<=. :imrjl infected with IBK is 
difficult and impractical <r - current treatment methods are 
20 not generally cost effectiv Further, treatment is 

complicated if the disease ccurs in a range herd. Thus, 
preventative treatment thro ,gh the use of a vaccine tfbuld be 
highly desirable. The toxi ■ disclosed herein is useful for 
a preventative vaccine. 
25 

SUMMARY QV THE INVENTION 
This invention rebates to a cytotoxin 
substantially free of intact microbial cells from Moraxella 
bovis which is toxic to bovine peripheral blood neutrophils 
30 and which lacks hemolytic activity. This cytotoxin is 

useful as a vaccine for projection of animals from 
infectious bovine keratoconjunctivitis. The cytotoxin is 
further characterized in th t it is not capable of 
hydrolyzing casein, it is n-t: negatively charged at a pH of 
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7.4 and by its ability to t tnte off of a DEAE exchange 
column with a 3ml .el b *d . ,.;, !r a salt gradient at a 0.2M to 
about a 0.3M 3a i,-. -....ncci.tr. -..i:n. Further, the cytotoxic 
activity to bovine peri -.he- : 1:1 JO d neutrophils is sensitive 
to zinc salt. Typir.ally. ■: - cytotoxin is prepared by 
clarifying and pur . : yin.-r filtrates of Moraxella 



bovis. 



Ur.T---.IL: i .-JSCRIPTION 



10 This i::v.,ntioi. rt 



to a 



cytotoxin derived from 



JL. bovis which is -ytotoxi: ,:- bovine peripheral blood 
neutrophils and whi, h c;-n r- .serf as a vaccine against 
keratoconjunctivitis. Methods for purifying the cytotoxin 
are also disclosed. 

Extraction and Pi;r:fir a ^n,, of the cvtotovir. 

Moraxella bovis sirains useful in preparing the 
cytotoxin of the invention -„,n be isolated from clinical 
cases of IBK or can be cbta . red from public sources. Public 
sources include, for example, the American Type Culture 
Collection in Rockville. Ma viand, U.S.A. (ATCC) where 
bovis strains are deposited under accession numbers 10900, 
25576, 17947 and 1/948. Th ■= most preferred strain is- Tifton 
1 strain, deposited with th-; ATCC on January 10, 1989 having 
accession number 55854. The bacteria will grow on most 

common bacterial culture me<:ia. 

£K bovis grown on McCoy's media (Grand Island 
Biologicals, Grand Island, rew York or Flow Labs, Inglewood, 
California) supplemented wivh about 3% bovine serum albumin 
(BSA) and about 3% fetal ca • f serum yields filtrates with 
high levels of cytotoxic activity. However, for cytotoxin 
purification purposes, it is, preferred that a minimal medium 
be used which contains fewe; exogenous proteins. Dialyzed 
GC media is a preferred minimal medium which yields good 
quantities of purified cytotoxin. Dialyzed GC media 
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contains all components of -c media which is commercially 
available except thot high ..;c:l -nilar weight proteose peptone 
is substituted wiLii proteos-: peptone which has been 
solubilized in wat..r anc di ly to remove high MW 
peptones, typically thoF-e greater than about 14,000HW. One 
liter of dialyzed r,r meria '•-;■;= ins dialysate from 15g of 



powdered proteose 

Cytoto>:i;; fjrocuct is best if the bacteria is 
grown on agar pit-:-.. ra':nei .= :j in liquid shake cultures. 
10 Agar plates or sh-;>.\- cu:tur :•■ : rc preferably incubated at a 

temperature of 37 ■ ror ^.bc t _u t.o about 3 6 hours. 

After i nation, bacteria is harvested from 

the plates by washing the a a:; surface with an inorganic 
buffer having a molarity of about 0.01 to 0.05 and a pH of 
15 7.4. The preferr^ buffer .t, Hepes and 200mM CaCl 2 . 

Preferably, the buffer is a: ded to the agar plates in a 
ratio of about 5ml :7 5cm 2 to ahnvit 15ml :75cm 2 of agar surface 
area. 

The culture filtrates are clarified by removing 
20 the solid materials by differential centrifugation, 

ultrafiltration or the like. Typically, the materials are 
centrifuged and the supernatant is then further purified by 
passing through a polycarboi ate f liter , preferably of about 
0.22jx size. 

25 The crude filtrate next precipitated by using 

standard techniques known ii the field, such as the use of 
cold acetone or salts. Concentrations and other conditions 
vary with the salt chosen. standard experimental strategies 
can be used to optimize selective precipitation for each 

30 salt. Selective precipitat: on using solutes is preferred. 

The solute most preferred is 70% ammonium sulfate. The 
filtrate may be centrifuged to collect the precipitate. The 
precipitate is then collected and redissolved in a suitable 
buffer as described above. After the precipitation of the 
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cytotoxin and res.. pension in buffer solution, it has been 
found to be most -r^nt^e- \u :.c pass the preparation 
through a molecule- f ili:ra: i;... device such as a Bio Gel PD- 
10 column (Bio-K^-7 Ubo-atr , Richmond, California). The 

first protein peak is collected and diluted at about 1:2 to 
about 1:10, most preferably aWnut 1:10, in a buffer 
solution, as described «bovi. 

The preparation j i Lhen further purified using 
standard column </:h r^mat-gr.: yhi c techniques which may 
include, for exa^-.a, inn scchsnae chromatography, molecular 
filtration, eiec : :r^;;hor::si:-. isoelectric focusing. 

Standard columns ... ,-ra. \ y ..-;-^;;i 2 ed for use in purifying 
proteins are con- c-piat: ri 1 , verifying the cytotoxin of the 
present invention ,,r,d. nu,ny : J v -amative columns are 
commercially ava: L-le ;-:-d to those skilled in the 

art. 

The fi]f.,ate huff a- -olution is then placed on an 
anion exchange column such = s ihose produced- by Sigma 
Chemical Co., St. Louis, Missouri. The anion exchange 
column is preferably a DEAE-Sephadex, DEAE-Sephacryl or DEAE 
cellulose column having about a 1ml to 10ml gel bed. A DEAE 
column with about a 3ml gel bed is most preferred. The 
cytotoxin is eluted from the column through the use of a 
salt gradient. Preferably, the cytotoxin solution is bound 
to the column, the column iz then washed with buffer and 
then a salt gradient is ?as:ed through the column. The salt 
gradient may be of any range such that the range encompasses 
at least a 0 . 0M tr. r- . 3M solvtion of a salt such as NaCl. 
The purified cytotoxin elut^s off of a DEAE exchange column 
under a salt gradient at abcut 0 . 2M to about 0.3M NaCl 
concentration. 

Using the. method re.-.-ribed below, eluate fractions 
may be individually tested to determine which fractions are 
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cytotoxic to bovi: : per;phc \ blood neutrophils and which 
lack hemolytic ar.- 'ity 
Character i - nr. j on the .:vr - L . : . :; in 

Tne / . -vis rytn tv in of this invention is 
5 substantially free of ' i;.tac : microbial cells which means 

that it has been .i-ivec. fr is. iJU bovis cultures, and filtered 
or otherwise p--r : ' cd th \t it is about preferably 95% to 
100%, most prefer; Ly 100%. :-£c of intact microbial cells. 
The } vis rytc .c:-:in is cytotoxic to bovine 

10 peripheral blood ^jtrophil.; . This toxicity is measured by 

observing the rel;. ..is oi ch ciium by the peripheral blood 
neutrophils upon :•' .bjec. ion c . the neutrophils to the 
cytotoxin pursuant, to the m- :t .-.^dclogy described by Miggiano 
al., Transpl. iiioc^, 4:2 i-:?37 (1972); Kurtz et al. , 

15 Transfusion r 19:: 403 (19 •„ ■ : and Carlson et al v , Proc. 

Soc. Ex p. - Biol . He . , 14 2 : 8. ;. ;;5 6 (19 73). The preferred 
method is set fort:: in Exam: 1 -= II below. 

The h: vis ryto cxin is further characterized by 
its lack of hemoly- ic activ ty. Hemolytic activity can be 

20 assayed by method." known in th?. art such as that described 

by Bradley et al . , .:; . Invesl .i i . Derm. , 78.:206-209 (1982). 
The preferred method is thai, jiven in Example II belofr. 

The cytotoxin is rot capable of hydrolyzing 
casein. The phrase "not car-able of hydrolyzing casein" 

25 means that the cytotoxin, when placed in contact with a milk 

substrate, does not hydrolyze the casein and create clear 
zones in the media. Casein activity assays are described 
and well-known in the art as, for example, in U.S. Patent 
No. 4 , 675 ,176, which is incorporated by reference herein. 

30 The cytotoxin is further characterized in that its 

cytotoxicity to bovine peripheral blood neutrophils is 
inhibited by zinc salts, such f.s zinc sulfate. When the 
cytotoxin is placed into cortzact with a zinc salt at a final 
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O — .1 ■ 



ri in 



ingly- o: 
Inge. M; 
is . . s a •; 



concentration of 
inhibited . 

The cy ; 
based on poly a cry 
cytotoxicity of 
neutrophils is n ■ 
phenylmethr ; r-z si: = 
(50jig/ml, 1-l-ch.; 
heptanone-i-cl ) , . = 
( 0 . 5^g/ml ) e ithe . 
obtained from Be- 
The to:-: 
inactivated by hiring ot 5 
net negatively charged mole 
The cy:.. :;:d.r.L. dt 
bovis further include those 
equivalent to the ..ytotcxir 
filtrates. By inur^nc-l or;ic? 
the cytotoxin em'tu^ces thor 
indistinct to the- ..mmunt: sy 
would include prol.-i.ns ider 
herein as well as - nose coir 
the primary sequence of the 
deletions, additions, subst 
modifications thereto (e.g. 
cytotoxins can be obtained 
bovis , but can also be deri 
or recombinant . genetic tech 
immunological equivalence, 
standard immunological assa- 
would involve competitive i; 
could be determined when an 
secreted cytotoxic bind in 



nM its c L : ! \ox icity to the neutrophils is 



hu.>l ecular weight of about 42KD 
:.es irophoresis (PAGE) . The 
to bovine peripheral blood 

mixed with PMSF (4 0Mg/lml 
e. . pepstatin (0.7Mg/ml), TLCK 
yl amido] -7-amino-2- 

^^OMg/ml) or leupeptin 
■3': -her as a cocktail, all 
.-2 1,:., Indianapolis, Indiana. 
:hiie, being rapidly 
: for over 15 minutes. It is a 
cuie at a pH of 7.4. 
sc.v ibed herein from Moraxella 

v. hici; are immunologically 
s derived from bovis culture 
L.V equivalent, it is meant that 
5 -hat are immunologically 
items of cattle. Such cytotoxins 
sir a I to the cytotoxins described 
prising minor modif icatiorts to 
protein, such as amino acid 
itutions or chemical 

alkyiation, reduction) . The 
Jroro the cell cultures of 
-red from chemical synthetic means 
lology. To determine 
:>ne can use any number of 
's. The most convenient assay 
imunoassays wherein equivalence 
.ibodies against naturally 
co^t the same manner to about 
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prepare I 
:mno'..en : : 



the same extent ;il 
equivalence . 
Vaccines Using tr y. 

A vaccx: 
cytotoxin or its .; 
pared in VEr^-iinc: .: 
vaccine car. be a: 
subcutaneously • 
subcutaneous inj'-r 
suitable carrier , 
water, saline or : 
adjuvants or imnv: : - i:>r;u_ .it 
hydroxide, alumir.v- phor.ph 
(alum) ; beryllium •■•ilfav.a. 



:yt( c.oxin being assayed for 



o a . 



: r e - 
Tor. 



utilizing the purified 
univalents thereof can be pre 
well-known procedures. The 
rri^uscularly or 
. ^ministration, such as 

->gen may be combined with 
it may be administered in 
;c-. with or without various 

-g^nts such as aluminum 
. aluminum potassium sulfate 
! ica . kaolin, carbon, water-in 



oil emulsions, oi; in-wauer evasions, muramyl dipeptide, 
bacterial endotoxin., lipid C orvnebacterium parvum 
(Propionobacteriur: serves; , 3o rdetella pertussis , poly- 
ribonucleotides, sodium alginate, lanolin, lysolecithin, 
vitamin A, saponin, liposomes, levamisole, DEAE-dextran, 
blocked copolymers or or. her synthetic adjuvants* Such 
adjuvants are available commercially from various sources, 
for example, Merck Adjuvant 65 (Merck and Company, Xrfb. , 
Rahway , N.J.)- Cth^.r srita >le adjuvants are Freund's Incom 
plete Adjuvant and Complete Adjuvant (Difco Laboratories, 
Detroit, Michigan ; 

The proportion of immunogen and adjuvant can be 
varied over a brca- range 5 >-. long as both are present in 
effective amounts. For exauple, aluminum hydroxide can be 
present in an amount of about 0.5% of the vaccine mixture 
(A1 2 0 3 basis). on a per-dos^. basis, the concentration of 
the cytotoxin can range from about l/xg to about 2,000/xg per 
bovine host. A preferable range is from about lOO^g to 
about l,000Mg per cr.se. A suitable dose size is about 
l-10ml, preferably about l.Cml. Accordingly, a dose for 
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intramuscular iro — t ior. , f. r :xa-,ple # would comprise 1ml 
containing l.Omn - immune*-*— .in admixture with 0.5% 
aluminum hyriroxi-^. Con-.pa -a:=-c riose forms can also be 
prepared for partes- eral ad: i:: 1 ;,t ration * to calves, but the 
amount of immune^:,: per do- e will be smaller, for example, 
about 1/ig to abo-i •"•OO/i-rr r> . r ,:ec:.-. 

For th- -i ..i:,..wion of immunologically 

naive cows, a rerp „.„ n : b- r«»«n ! and 4 doses can be used 
with the injecti .: ;> »-«d :- .,, r a two- to six-week 

period. Typical . r. ...>-. , : ■ : • .jimen is used. The second 

dose of the vacc- :-. ..c. s : ■. • 3 administered some weeks 
after the first ■■ -pi, . about two to four weeks 

later. Animals f-i • ha-a 1 »• previously exposed to 1L 
boyis or have re<:<:vcd colc.sv.ra) antibodies from the mother 
may require &oos;,., in j- ;ti,i.,. ... two-dose regimen is 
considered prefer*:. fc, • t m.v: effective immunization of 
the calves. Semiannual rev :cr. i notion is recommended for 
breeding animals. calves my be vaccinated at about 1-3 
months after birth, again az four to six months, and yearly 
or preferably semi-annually thereafter. 

The vaccine may a.-so be combined with other vac- 
cines for other diseases to produce multivalent vacefnes. 
It may also be combined with other medicaments, for example, 
antibiotics. A phnrmaceutical.lv effective amount of the 
vaccine can be eirpi.wed with a pharmaceutical^ acceptable 
carrier or diluent nnderstcd to be useful for the 
vaccination of animals such as swine, cattle, sheep, goats, 
and other mammals. 

other vaccines may be prepared according to meth- 
ods well-known to those skilled in the art as set forth, for 
example, in I. Tizc-d, "An Introduction to Veterinary Immu- 
nology," 2nd Ed C.,-2}, ,;hi< h is incorporated herein by ref- 
erence . 
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lyophilized fnrm. 
-the antigenic pro.*- 



■r t.h< - " J :o~oxin may be stored in 
• : . cv tr- -m:c activity may be lost, 
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EXAMPLES 

I. CULTUF.ING H. 
A . Bacterial Is?: 



"XIH PRODUCTION 



The nemo: 
experiments was ob=. 
(Tifton 1) . The 
lyophilized stock 

identified as 

criteria describee: 
46^:804-807 (1985) 
B - Preparation - 

1. 15c 
in 50ml of distil;.- 
media. 

2. Six 
14,000MW), 40cm to -'oc 
distilled water. Kdc.) 



isoj ar.( 



mi ::n 



■ 3f. 



of bovis for these 
cr.w with IBK in Georgia 
• ts-: was maintained as 
: isolate was positively 
\ ^mical and morphologic 
r.c c;*:orge, Am. J". Vet. Res. . 
cz operated by reference herein. 



■ --r-r.ee -is. peptone #3 were solubilized 
t:-:.- 2 4 hnnrs prior to making the 



tr ps o± dialysis tubing (6MW to 

long were cut and moistened in 
as filled with 12ml of the 



solubilized proteose peptone. * 

3. The sacs were sealed at both ends and washed 
thoroughly in distilled water. The sacs were then placed in 
a graduated cylinder with parafilm to seal the top. The 
cylinders were then placed in the refrigerator. Dialysis 
was allowed to occur f ~r 24-3 6 hours in the cold. 

4. After dialysis, the sacs were removed. 
Distilled water was added to the dialysate to give a final 
volume of 1 liter. Sodium chloride NaCl (5g) corn starch 



(dibasic, 4g) , potassium phosphate 



(lg) , potassium phosphate 
(monobasic, lg) , enr p.^ar (ng) were added in a 2-liter 
erlenmeyer flask. The flK-ssk war, placed on a hot plate with 
constant stirring s" at - h-at setting of 6 until the agar 
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v/as melted abc;: n, 
with a cottor: "c: ■-. • : a 

autoc laved fo. •» 
autoclaving r.r.e m- : ..... p 
temperature was eow. i :..r.*ite:. 

calcium chloriJ = } .7 : ..uL 
screwcap pyre:-: tis^«--.. = :-ps 

6. is.-. • ■-....-.,"« - 
Becton-Dickincon r.i. r~.r..i .-..io< 
contain ingredien o/tai 
thus the reascr, fo ;. . .^m* 
bottles contain thr- r C ] lovir 
L-glutamine, guanir- . p; 
diphosphoparadine . :j id*, 
nitrate, thiamine , -cys-.eir 
Isovitalex™ liquid . -mb 
per the instruct ion: \. v.ei 
fluid was aspirate:'; 

7. The -rar. cor 
the waterbath. The ire c 
bottle was added to r.he erle 
agar were poured in to each p 
allowed to harden be: fere ino 

8. 2-10 : fried e 
were inoculated into the ste 
pipette was used to swish th 
two times, * 2-5ml of the ino< 
each agar surface. The inoc- 
surface using a sterile glas. 
wrapped and incubated for 2 4 



- -ji The flask was equipped 
. ' ':::.ir.um foil stopper and was 

liquid cycle. After 
*>. 56 °c waterbath until the 

: - (0.02M Hepes, 100mg/l of 

ir.r.o each of five, 15-ml 
rc screwed on each tube. 
: were obtained from 

Svst-.ems. These bottles 
"-?r growing Gonorrhea coccus r 

- ; -..ar. Typically, these 
ingredients: vitamin B 12 , 
, ::ocarboxylase adenine, 

iciized (coenzyme 1) , ferric 
y.c'i and L-cystine. The 
si with the lyophilized powder 
h • powder was dissolved , the 



lee: to 56' c, was removed from 
onr-nts of the Isovitalex TH 
;nr:t:yer flask. About 300ml*" of 
2tri plate. The agar was 
cul ation. 

:jg" type of M bovis colonies 
rile Kepes solution. A 5cc 
e fluid back and forth one or 
culated buffer was pipetted onto 
il\:m was spread onto this agar 
: hnckey stick. The plates were 
hours at 37 *c. The plates were 
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ready for harvesi r,c 
C. Pur if icav inr 

1. Th- 
with 10ml of Hepe- 

of the agar surfc,, o 

USed tO rCTTiOVi: \ r, r: ■ 

was pipetted ir:t.r 
centrifuged for ir --.n 
removed and filter 
micron polycarbor; - 
Inc. , Pleasamon, 

2. T. u 
the low ionic str<:*.gt 
40ml was pumped cnv.o 
gel M, Spectrum ft*-:..ic 
California) (1. 0ml, mi 
applied, the colunr. v: 
proteins were elur-.d 
application of 3 0.?.. r. 
NaCl, followed by s 
Hepes buffer) . 

3. Tho el 
each fraction was t 2 £ 



. ; ] r H 

■ 0 Ci : 



L-:r 
: i i 



checked for purity of growth. 

! ~r each plate was flushed 

,00mg/l, pH 7.4) per 75cm 2 
c: ile glass hockey stick was 
;v r n. »phe harvested culture 

;i;jc tube. The tubes were 
f no Orpin. The supernatant was 
■wo times through a 0.22- 
diameter, Nucelopore, 



i ::i:e then was diluted 1:2 in 
:-ispe.- T'-^t'er, as described above, and 
3ml ;el hod DEAE column (DEAE Spectra 
Inc.is-;..:ies Inc., Los Angeles, 
if.t.e) . A:iter the toxin filtrate was 
.r. vaslied in 3 0ml of buffer- The 
from the ^.olumn differentially by 

Hepes f fer containing 0.1ml of 
j It grridi*=:nt (0.1M to 0.3M, 3 0ml in 



30 



1 :at:-2 was c^noved in 3ml fractions and 
s .r_d fo:: cytotoxic and hemolytic 
activity as described below. Heir-olysin eluted at 
approximately O.lSVi N«r:l concentration. Cytotoxin eluted at 
0.22M NaCl concentration. Fractions containing the 
cytotoxin consistently showed a single SDS p o ly aery 1 amide 
gel electrophoresis protein bar.d with an apparent molecular 
weight of 42KD. The fractions containing the hemolysin 
contained a large number of proteins. 
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II. 

A. 



peripheral blood n 
cytotoxin as descr 
1. Neutro i.;: 
Bovine 
by modification o- 
Proc. Soc. E>rf> . « 
et al., Vet. Imir.-.: -.-. 
blood (40ml) was ■: 
of 2 normal adult 
of blood were cet 
After centrifugat i -;n , 
discarded. Then, im] 



CHARACTE RISTICS .Yf_ THE CY TPVOXTW 

Tests for cyt jtc < •: r. ■; tv ^ ;iPinnlvtic Activity 

Cytotoxicity V:sts v — done by challenging bovine 
•nils .; :•.}. solutions containing the 

•■Kiow : 

: n-.jtrophils were isolated 

■is :; ibed by Carlson et al . , 

^ '56 (19 73) and Chambers 
>'*2 -1983). Heparinized 
;-:;e jugular vein of either 
collection, 10ml aliguots 
sooxcj) for 15 minutes. 

was aspirated and 
iy coat and topmost layers 
removed from each tube, and 



■ pa 
X l 
• or. 

- If: 



5 * ; : • " 



a pla- 
the ; 

of the packed erythrocytes wa? 

pooled. The erythrocytes in pooled sample were lysed 

osmotically by the attrition of *oml of cold distilled water. 
The cell suspension w^s gently agitated for 20 seconds, and 
then hemolysis was stepped by addition of 20ml of cold 
hypertonic phosphate Offered saline solution (2.7% NaCl, 
0.007M phosphate buff,:;. pK e.M. The cell suspensioh ^ 
was centrifuged for ic. minute,. (4 C, 175xg) . After . 
centrifugation, the pellet was. suspended in 8ml of 
phosphate buffered saUn. solution (PBSS, 0.007M, pH 6.8, 
0.9% NaCl). The suspended ceJ.'s then were layered over 
4.0ml of lymphocyte separation media (density 1.077 to 
1.080g/ml, Litton Bior.etics Inc., Kensington, Maryland) and 
the mixture was centrifuged for 25 minutes (4'C, 500xg) . 
After centrif ligation, the supernatant was discarded, and the 
cell pellet was washed three times in cold PBSS . Just prior 
to the final wash, th< r*Us were counted using a 
hemocytometer and the viability was determined by staining 
with 0.1% eosin dye in phosphate buffered saline. After 
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washing, the cells we :-asiis».. 

concentration of :10 -v: -itr^?. .. 

PBSS. The yield from h 4 0.;. 

approximately 5x1 rv" tc 10 7 c 

to 90% neutrophils. ?■ r* than 

Human neutrophils v.'srr pv:rifi~- 

dextran density gr.-idi sedi.. : 

by Boyum , Scand. . c , . Lab 

(1968) . 

2. Chromium r<e -v " St' ; 
Cytotox \J 



•ided and adjusted to a final 
Ls/ml by the addition of 
blood sample was 

1g, and was composed of 80% 
o% of the cells were viable, 
by the Ficoll-Hypaque and 

v:\ar.ion method as described 

i nvest, . 21 Supp. 97 : 77-89 



: s_ an Indication of 



ISOtopn ib 

according to Kurt, at 
The purified neutir.ph. 
labeled Na 2 CrO^ a 
Inc., Irvine, Califor 
were rotated (Roto- To: 
incubation, the cells 



neutrophils was performed 
rusion , 19:398-403 (1979). 



35 



c 1 
T r ; 

;spe; jns v;ere incubated with 51 Cr 
nei. -_cphils, 37*C, 1 hour, ICN 
h: . During incubation, the cells 
ue. Co] f: Palmer, Chicago, IL) . After 
ere washed three times in cold PBSS 
and were finally resui-/* -ended in McCoy's to a final 
concentration of i x j. neutrophils/ml before the 
radioactivity in 3 aliquots (0.3ml) of each cell suspension 
was counted (Autogamma Scintillation Spectrometer, Hewlett 
Packard, Palo Alto, California) . 

The cytotoxicity assays v/ere performed by 
incubating 0.5ml of tl: ■: labeled neutrophils at 37°C with 
0.5ml of the preparation to be assayed (crude M. bovis 
filtrates or partially purified fractions) for 30 minutes 
with gentle rotation. Wh«*n fractions were taken from the 
DEAE exchange column c-; described in Example I.C.3. above, 
0.5ml of each 3ml fraction was promptly incubated with, tbe 
neutrophils after elut;ion Incubation of the labeled cells 
in McCoy's served as a negatives control. After incubation, 
tbe cells were sedimented by centrif ugation (200xg, 4*C) for 
10 minutes, and the radioactivity in o.5ml of the 
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supernatant was !?.••:*» -.11 
duplicate determir^st. i 
51 Cr release, usin v -a 
expression (Miggin,.o 
(1972)) : 



% Release = r:nm_ 

Table I below shov- f- 
taken off the DEAJ; co 
3- Hemolvs j ?. _a : . 
Hemoly:-. . a: 
McCoy's media (2 5:;:;: H: 
New York) using th . nr. 
Vet, Res . 45 : 184 £ lH: 
determined by the ■ 

a . Filr .- al 
I.C. 3, above to be ie« 
b • AO. fSml 
fraction was mixed wit ■ 
erythrocytes (RBC) was. 
suspending buffer vas ■ 
with 2,0 him Caci 2 makin 
When eluate fractions in- 
fraction was promptly i 

c. Controls 
washed RBC.'s and 0.5ml 

d. All saimr: 

hours . 

e. The samr 
supernatant was tested 

f. Peroxid--:' 
3.0ml of reaction Tuixtt- 
measuring the change i? 
(Settings on record -r v: 



and 
Cicii i 



reflected the mean of 
^re recorded as a percent of 
■ n of a recommended 
-sol. Proc, 4:231-237 



)v " Ie - media nnnfr 0 i s y x 100 

s.iphil-, - cpni media controls) 



■- toto:. : r. 



activities of fractions 



• • we;;-. 

bu Z f : 

D8-; . 

• g p jT r. 

e i U ir : 

v/ere 
<quot •: 



performed in phenol-red free 

Gibco Inc., Grand Island, 
"ibed by Ostle et al . , Am. J. 

Hemolysin release was 
~ col : 

:s fractions from Example 
-tained. 

f the filtrate or eluate 
'"■01 ml of 3x washed packed 
bo 3x in McCoy's media. The 
:-r_£--ile n . fH7M pbss in Nad (pH7^4) 
7 rhe final rbc concentration 2%. 
■•era taken from the DEAE column, each 
.ncubated with the erythrocytes. 

were prepared which consisted of the 
of sterile McCoy's medium, 
les were incubated at 37 *C for 8 



les were spun immediately, and the 
fcr peroxidase activity. 

activity was tested by adding 
!re to °- : ' 0ral supernatant, and 
O.D. (46wnm) : : or one minute. 

ran ^ = lc °0/ speed - lem/min). 
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The change 


in O.!). 


pr. 7r. 




.: multiplxed by 2.65 to 




determine 


the pel"' 


ici 


n i ~- 








g. In: 


: . ca -i 


.iUlj: V. « 


j-.cb was 100ml phosphate 




buffer (0. 


6M, pK - 


; . . 0) .": 


■•17V..1 


->o-sH 2 o 2 , ana l.67mg/mi 


5 


dianis idine ( 0 . 0 1 i 


*• ' cj . ' .' 0 : 


: !7;1 1 U '■■ 


for) . 






h . Pr? 


~i " ■ e i ■ 


v—ste? t 


;>s measured using the 




commercially a^ai! 






uest kit (Sigma Chemical Co., 




St. Louis, 


. Missou: 


•-,.) . 










Table I 


..et- t 


. : th ti ; 


relative hemolytic and 


10 


cytotoxic 


activit 


y of .Tr 


r:C:ti; 0i: • 


expressed in percent 




hemolysis 


or cyto 


tnxi: i t 


v '.Vhc- 


term O.D. represents the 




optical density o 


r rh- f 


^JCtj or 


-t a wavelength of 280nm. 




The measurement is lin -tp. 


- 

it .]_ y r e 






concentration of 


the i : • a 


L:t:ior: . 
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Table I 












Fraction 












Tube 


% 


H':mo*. 




% Cvtotoxicitv O/D. 




1 




. 5 




5.8 0.03 


20 


2 




. 5 




4.31 0.01 




3 




3 . 5 




0 0.02 




4 




:: .5 




14.89 0.002 




5 




:s .5 




7.42 0.00001 




6 




J . 5 




0 0.04 


25 


7 




3 .5 




0 *0.06 




8 




3 .5 




0 0.03 




9 




3.5 




5.69 0.1 




10 




3 .5 




5.23 0.18 




11 




3.5 




1.36 0.2 


30 


12 




7.8 




9.86 0.19 




13 




15.7 




0.81 0.2 




14 




15.7 




0 0.2 




15 




15.7 




5.3 0.183 




16 




15.7 




2.9 0 . 152 


35 


17 




11.4 




5.7 0 . 15 




18 




3.28 




5-4 0.12 




19 




8.28 




8.86 0.11 




20 




3 .28 




59.1 0.08 




21 




S . 28 




22.7 0.1 



40 
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•'::M c£ read acetate, ferric chloride, 
■ :i.loi-ic.:« or aluminum hydroxide in 
•■; to -rile filtrates and incubated 
-itiny . :;r their effect on the 

r-r iij ...--rites v/ere then tested for 
a> -ovine peripheral blood 

; : =« ! -= /t .-vtivity by the tests 



Sensitivity + ^ Zip_c 
Solutions 
zinc sulfate, sta:»no 
McCoy's media wer.- a. 
for 3 0 minutes b-for- 
cytotoxic and he;::- ly 

cytotoxic activii 
neutrophils and f 
described above . 

Zinc sulfa: .:^pl,t:!y inhibited the cytotoxic 
activity of the fUt: bllt ,, d no effect upQn ^ 

hemolytic activity. on, of fin other solutions affected 
the cytotoxicity of t::a riltrar.es. 
Casein Hvdroly ^e, £ 

This ter.t v-.s done tc: determine whether the 
cytotoxin could hydrciy.c protein, casein in particular. 
.Protease activity of ,h« ::ytot^.in was measured in 
Trypticase Soy Agar plate, confining 0.5% autoclaved skim 
milk. Ten microliter, a, the cytotoxin were added to 3mm 
wells within the a,ar. The P l,tes were examined for zones 
of mUk proteolysis a - er 24 h^rs. No clear zones occurred 
around the cytotoxin indicating that the cytotoxin was 

unable to hydrolysse ciisem. 

D - Vaccine Pren arat^j^n and ^qninj^tr^tion 

1- Precipitate crude {L bovis filtrate with 70% 
ammonium sulfate for hours. 

2. Centrifuge pellet at 20,000xg for 1 hour. 

3 ' ^suspend pellet in Hepes buffer (0.02M, pH 

7.4). 

4. Pass through Bio-Gel PD-10 column, collect 
first protein ?ea>: and dilute l:io in Hepes buffer. 

5. Absorb to DEAE Sephacryl® column. 

6. Elute with o.3M waci in Hepes buffer. 
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7. Mix eluat.oi 1:1 v-'ith adjuvant. 

S. Inject ii..: ot tic mixture subcutaneously into 



an adult cow. 
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WHAT IS CLAIMED T.q • 



I. A cytoLo>:;:i frc. . Moraxel 1 * bovis 
substantially free of intact microbial cells, and possessing 
the following character! r-tic:s : 

(a) cytotoxic: :c be i : -.e peripheral blood 
neutrophils; and 

(b) lacks hen Lytic sctivity. 

The cytr.t .;i:- : :Iaim l, wherein the 

cytotoxin is not c,, pa! , ; ,f hy -oiyjing casein. 

3. The cytoi..; :in or claim 1, wherein the 
cytotoxic activity to be ..n, ? . i P heral blood neutrophils is 
sensitive to zinc salts. 

4. The cytot«xin o:> claim l, wherein the 
cytotoxin is net negatively charged at a pH of 7.4. 

5. The cytotoxin of claim l, further 
characterized by its ability tc elute off of a DEAE exchange 
column with a 3ml gel bed under a salt gradient at a 0.2M to 
about a 0.3M salt concentration. 

6. A vaccine dor protection of animals from 
Moraxella bovis comprising a cytotoxin from bovis 
substantially free of intact microbial cells, which is 
cytotoxic to bovine peripheral hiood neutrophils and which 
lacks hemolytic activity. 

7. The vaccina o? claim 6, wherein the cytotoxin 
is not capable of hydrolyzing casein. 
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8. The vaccina ol c lain 6, wherein the cytotoxin 
is further characterised r.y .it: ability to elute off of a 
DEAE column under a sa.it iraci- nr. at a 0.2M to about a 0 . 3M 
salt concentration . 

5 

9 . A iT,ffthod i'crs: urn renting animals from 
infection of bo-^is v/hiuh cor prises the vaccination of the 
animals with a vaccine comprising a cytotoxin substantially 
free of intact microbial i;eiis derived from bovis which 

10 is cytotoxic to bovine p. riphs: -il blood neutrophils and 

which lacks hemolytic cic* ivity . 

10. The metho. of r-.'s ^im 9, wherein the cytotoxin 
is further characterized r.y its- ability to elute off of an 

15 anion exchange column un *rr = i^It gradient at a 0.2M to 

about a 0.3K salt concen ati or. - 

11. A vaccine -or protection of animals from 
infectious bovine keratoconjunctivitis comprising a 

20 cytotoxin substantially free of intact microbial cells the 

cytotoxin from bovis and characterized by: 

(a) its ability to elute off of a DEAE exchange 

column having a 3ml gel bp.d at sbout a 0 • 2M to about 0.3M 

salt concentration; and 
25 (b) upon elution from the column is cytotoxic. to 

bovine peripheral blood neutrophils and lacks hemolytic 

activity. 

12. The vaccine of claim 11, wherein the 
30 cytotoxin is not capable of hydrolyzing casein. 

13. The vacci..- of c" aim 11, wherein the 
cytotoxin is net negatively charged at a pH of 7.4. 
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classified in class 530 subclass ' 0. a vaccine (Group II) and a cytotoxin (Group? I 
are distinct products having a sa\ rate classification and recognized divergent • 
subject matter. Additionally , thf iytr.tcxin can have other uses other than its us£ 
in a vaccine. Jurthennore, PCT ?:\:~\ a ^llov.-s applicants to claim a (one) 

product; however, the r/wo groups Ivsted r-beve represent two products. 
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